OBJECTIVE: Adverse dietary habits have been discussed as being conducive to the increased prevalence of obesity in children and adolescents. No single dietary factor has been clearly identified so far. We analyzed long-term fat intake patterns during childhood and adolescence and their influence on body fatness. METHODS: Four clusters with different patterns of percent energy from fat were found in 228 individuals from the age of 2-18 y participating in the DONALD Study (Dortmund Nutritional Anthropometric Longitudinally Designed Study) with at least 10 yearly weighed dietary records between 1985 and 2002. Clusters were evaluated with regard to macronutrient and food group intakes and body mass index (BMI). RESULTS: The mean energy density and the ratio of energy intake to estimated basal metabolic rate per subject differed significantly between clusters. All calculated macronutrients (per energy intake) with the exception of dietary fiber differed significantly as well as intakes of Meat/Fish/Eggs, Fats/Oils and Fruit/Vegetables. Although these differences in dietary characteristics persisted during the study period, no differences of BMI (calculated as standard deviation score) were found either at the first or last examination per subject. The mean BMI during the study period differed significantly, with the highest BMI in the low fat intake cluster. CONCLUSION: BMI could not be explained by different dietary patterns during childhood and adolescence in this long-term evaluation of dietary records. Underreporting especially in obese subjects, the problem of detecting minor overconsumption of energy intake that favors the development of obesity over long periods, and the small study sample may explain these conflicting results.
Introduction
The prevalence and severity of childhood and adolescent obesity is on the increase in Germany, 1 other European countries 2 and the USA. 3 Besides genetic and other biological factors, lifestyle factors have also been discussed as causes for the development of obesity. One of these lifestyle factors is diet, that is, energy intake from foods, which is influenced by dietary habits, food preferences, caloric content of the diet and nutrient composition. 4, 5 Although the complexity of factors that influence food and feeding choices in children and adolescents is not well understood, fat intake seems to be an important factor in the etiology of obesity. Fat is the most energy dense macronutrient and has a less satiating effect than protein or carbohydrates. 4 However, the results of studies examining association between dietary composition and the extent of obesity in childhood and adolescence are conflicting. In most cross-sectional studies, [6] [7] [8] [9] [10] but not all, 11 a positive association between fat intake and anthropometric measurements (body fat content, body mass index (BMI)) was found. However, studies examining long-term nutrition and body fatness mostly found no or only minor effects. [12] [13] [14] [15] [16] [17] [18] From a population-based view, the increasing prevalence of obesity and the decreasing energy intake from fat in children and adolescents in the US 19, 20 and in Germany 21 do not support an association between fat intake and BMI. The DONALD Study (Dortmund Nutritional and Anthropometric Longitudinally Designed Study) provides the opportunity to evaluate the influence of long-term dietary intake, estimated by repeated 3-day dietary records, on BMI as a measure of overweight and obesity. Here, we examine fat intake and other nutrient and food intake characteristics of 228 participants with at least 10 dietary measurements from the age of 2 up to 18 using cluster analysis as an innovative approach to describing individual long-term dietary data.
Methods

Study design
The DONALD Study is a longitudinal study collecting detailed data on diet, metabolism, growth and development from healthy subjects between infancy and adulthood (once a year for subjects older than 2 y of age). The study started in the middle of 1985 with children and adolescents of different ages participating in exclusively anthropometric studies at our institute. Since then yearly cohorts of about 40-50 healthy infants have been enrolled. Mothers are recruited in the city of Dortmund and surrounding communities via pediatric practices or personal contacts. Eligible are healthy German newborns whose mothers and/or fathers are willing to participate in a long-term study and of whom at least one parent has sufficient knowledge of the German language. Dropout rates are small (o10% per year) and vary by the age of the child, with the highest dropout rate during puberty. All examinations and assessments are performed with parental and later on with the children's consent. The DONALD Study is exclusively observational, nonintervening, and noninvasive as approved by the International Scientific Committee of the Research Institute of Child Nutrition.
Study sample
Here, only those participants who had at least 10 dietary records between 1985 and 2002 were included in data analysis. Since previous analysis of the DONALD Study showed that percentages of energy from fat were almost stable during childhood and adolescence after the year of 2, 22 only records between the ages of 2 up to 18 y were considered.
From all subjects who ever participated in the DONALD study (n ¼ 1039), 228 individuals (114 males, 114 females) met these criteria, that is, 45% of those, who could potentially provide at least 10 records between the age of 2 and 18 (n ¼ 502). Those who were not included had a smaller number of dietary records due to study abandonment or omitting dietary records from the study protocol.
Since some subjects did not reach the age of 18 in 2002 or started study participation after the age of 2 (y), and some subjects failed to carry out some planned dietary record, for example, due to illness or refusal, the selection described above resulted in a total of 2819 records. Mean (s.d.) number of records per subject was 12.4 (1.8), median was 12 (n ¼ 42), minimum was 10 (n ¼ 47), maximum was 17 (n ¼ 3). Most records (n ¼ 2770; 98%) cover 3 days, 13 (o1%) record(s) less and 36 (1%) more days.
Examinations and dietary survey
The yearly examinations of the participants comprise a medical examination, several anthropometric measurements, an interview concerning health related behavior and a 3-day weighed dietary record. Hereto, parents of the children or the older subjects themselves weighed and recorded all foods and fluids consumed as well as leftovers using electronic food scales (71 g), preferably on 3 consecutive days. Semiquantitative amounts, for example, numbers or portions, were allowed if weighing was not possible. Energy and nutrient intakes were calculated using our nutrient database LEBTAB (Research Institute of Child Nutrition, 2002), which is continuously updated by all newrecorded food items.
Anthropometric data included height measurements (to the nearest 1 mm) in a standing position using a digital telescopic wall-mounted stadiometer (Harpenden) and weight measurements (to the nearest 0.1 kg) on an electronic scale (Seca 753 E). From these measurements the BMI (weight/height 2 , kg/m 2 ) was calculated.
Statistical analysis SAS
s procedures (Version 6.12; Statistical Analysis System, Cary, NC, USA) were used for data analysis. Nutrient intakes were calculated as individual means of all recorded days. To control for age effects, intake of macronutrients was expressed as percent of energy intake (%E). Results are presented as mean values7s.d. For all statistical analyses a significance level of Po0.05 was used.
Cluster analysis was used to classify subjects into groups based on similarities of their individual fat intake pattern during childhood and adolescence. Details of the cluster analysis of fat intake pattern have been described elsewhere. 23 In short, a distance matrix was derived using three criteria of fat intake pattern, that is, similarity of the mean individual fat intake of the subjects (intraindividual mean of fat intake), similarity of the standard deviations (s.d.) of fat intake of the subjects (intraindividual s.d. of fat intake), similarity of individual dietary pattern of fat intake (standard deviation score of fat intake). Cluster analysis was conducted using the new two-stage density linkage. The density linkage method is a single linkage cluster analysis using a new dissimilarity measure, 23 which ensures that all points are clustered before the clusters can be joined (SAS/STAT User's Guide, 1990). Subsequently, the groups defined by cluster analysis were characterized by several variables, that is, study participation characteristics, demographic characteristics sex, age, education level, occupation level of parents, anthropometric characteristics (BMI), energy, macronutrient and food group intakes.
To control for age effects, dietary and anthropometric data were transformed into variables independent from age. Energy intake was computed (a) per kg body weight, (b) per g total food intake (TFI) including beverages (energy Long-term diet and BMI in children and adolescents U Alexy et al density), and (c) as ratio of energy intake to estimated basal metabolic rate (EI:BMR) as suggested by Goldberg et al 24 Basal metabolic rate was calculated using age-and sexdependent equations. 25 Intake of macronutrients was expressed as %E and intake of food groups was expressed as percent of g total food intake (%TFI). BMI was converted into standard deviation scores of BMI (SDS-BMI), which allows the calculation of individual BMI in relation to the reference population using LMS method. 26 As reference, the recent data derived from 17 regional German surveys published by Kromeyer-Hauschild et al, 27 which are recommended by the German Working Group on childhood and adolescent obesity, 28 were used.
Nonparametric Kruskal-Wallis one-way analysis of variance was used to test for group differences for continuous variables. The w 2 test was used to test for between-group differences in the frequency distribution of categorical variables.
Results
As described previously, our cluster analysis identified four distinct fat intake patterns during childhood and adolescence. 23 Labels were assigned to the clusters to identify them with respect to the typical fat intake pattern of the cluster: Constant fat intake (35 subjects), medium fat intake (81 subjects), high fat intake (57 subjects), low fat intake (55 subjects). Clusters differed mainly by intraindividual mean fat intake and intraindividual standard deviation of fat intake. 23 Fat intake of the constant fat intake cluster was mostly between median and the third quartile of the total sample. Variation of fat intake measurements within an individual (intraindividual standard deviation) was lowest in this cluster. In the medium cluster, fat intake was near the fat intake of the constant cluster, but intraindividual s.d. was higher. In the high fat cluster intake of more than 50% of the subjects was above the third quartile at all ages. In the low fat intake cluster the fat intake of most subjects was below the first quartile for more than half of measurements. Fat intake decreased from the onset of adolescence.
No differences between clusters concerning study participation characteristics were found, neither in the number of records per subject, nor in the numbers of missing records during the study period per subject, or the numbers of days per subject. 23 The same applied to sex, age 23 and the education level of the subjects and their mothers (data not shown). The mean energy intake per subject during the study period did not differ between clusters (Table 1) , 29 but energy density (lowest in the low fat cluster) and the ratio of energy intake to BMR (lowest ratio in the low fat cluster) were different. Mean intakes of all calculated macronutrients (per energy intake) differed significantly between clusters, with the exception of dietary fiber (g/MJ) ( Table 1 ). Significant differences of mean intake of food groups per subject between clusters were only found for Meat/Fish/Eggs and Fats/Oils (highest intakes in the constant and high fat intake clusters) and Fruit/Vegetables (highest intakes in the low and medium fat intake clusters) ( Table 2 ). The mean intake of these food groups by age showed a different food intake pattern during childhood and adolescence between the clusters (Figures 1-3) .
Differences of SDS-BMI were not found at the first or last examination per subject; however, mean SDS-BMI during the Long-term diet and BMI in children and adolescents U Alexy et al study period differed significantly, with the lowest SDS-BMI in the constant and the highest SDS-BMI in the low fat intake cluster (Table 3) . Mean SDS-BMI by age and cluster are shown in Figure 4 .
Discussion
Cluster analysis is an innovative approach to describing individual long-term dietary data. Similar evaluation of longitudinal dietary data have not been found in the literature published so far. Hermanussen et al 30 used cluster analysis of growth data in infants and young children, considering only similar patterns of growth, but not tall or short stature of subjects. In this evaluation, besides the fat Long-term diet and BMI in children and adolescents U Alexy et al intake pattern the levels of fat intake and the intraindividual variation were also entered into the cluster analysis. Most studies examining associations between dietary intake and body fatness have been focused on dietary intake of fat. [6] [7] [8] [9] [10] 12, 16, 17 Similarly in our evaluation, three indices of fat intake were used for cluster analysis. 23 However, between the four clusters found, the intake of macronutrients and some important food groups also differed significantly between clusters. Obviously, fat intake is a suitable variable for the characterization of dietary habits. Although these varying dietary habits between clusters covered the whole growth period, SDS-BMI did not differ significantly at the end points of the individual study period. On the contrary, those with low fat intake during the study period had the highest SDS-BMI. Several cross-sectional 6-10 studies found a positive association between fat intake and obesity. However, these studies used a range of measures of body fatness, dietary intake and statistical methods of statistical analysis. Among the longitudinally designed studies with children and adolescents each having a different observation period, two out of seven found a relationship between previous macronutrient intake and body fatness. A small sample of children with increasing skinfolds (n ¼ 14) from 3 to 7 y of age had higher energy intakes and fat intakes in g/day but not higher percentages of energy intake from fat than the control group (n ¼ 33). In 203 preschool children a greater increase of BMI over 2 y was associated with higher baseline levels of percentage of energy from fat. 14 
Magarey et al
17 evaluated the longitudinal relationship between energy and nutrient intake and three indirect estimates of body fatness in more than 130 healthy children across age intervals ranging from 2 to 15 y. Here, higher fat intakes were related to higher subscapular skinfolds, but no association was found between fat intake and BMI or triceps skinfolds. Probably, only abdominal fat as measured by subscapular skinfold is positively associated with energy adjusted dietary fat intake. The authors discussed that this missing difference between those classified as having high and low intakes may reflect in part the considerable variation in macronutrient intake between time points. However, in the cluster analysis used here, intraindividual fat intake variation was also included. 23 Additionally, we found considerable differences in mean percentage energy from fat between clusters, ranging from 32 and 40%E. Rolland-Cachera et al 13 found no significant correlation between BMI at the age of eight and percentage of energy from fat or carbohydrate at 2 y of age. However, percentage energy from protein in children 2 y of age was positively associated with BMI at the age of 8 y. This result is not supported by our data, since BMI at the end of the individual study periods did not differ, although energy intake from fat and protein differed significantly between clusters. In our evaluation, energy density between clusters differed significantly and paralleled with percentage energy from fat with the lowest energy density in the low fat cluster.
In a previous analysis of the DONALD study, fat intake over a period of 6 y of two subgroups with similar BMI at the age of 4 y, but different BMI at age 10 y was compared. No trend towards a higher percentage of energy from fat was discernible in those children with the highest positive body fat balance. 12 The failure to detect any association between long-term dietary intake and BMI may be explained by the limitations of precision and specificity associated with indirect estimates of body fatness and the problems estimating dietary intake accurately. It is known that underreporting increases with overweight. 31 Also in this analysis, mean SDS-BMI and percentage of records with nonplausible EI:BMR are negatively correlated. Additionally, bias in reported energy intake is associated with variable bias in estimated macronutrient intake. 31 Both facts make it difficult to detect potential associations between obesity and dietary habits. Also in this evaluation, the cluster with the highest SDS-BMI during the study period reported the lowest intake of energy and percentage energy from fat. One other factor than dietary fat that is discussed to play an important role in body weight regulation is the dietary glycemic index (GI). Foods with a high GI decrease satiety and accelerate return of hunger. Additionally, the hormonal response on high GI foods may promote weight gain by preferentially directing nutrients away from oxidation towards storage in fat. [32] [33] [34] This hypothesis could explain our results of a long-term low-fat and high-carbohydrate diet and a high SDS-BMI during the study period. Although in this analysis, the GI of the diets of study participants could not be estimated, previous analysis showed, that in the diet of DONALD Study participants a high percentage of carbohydrates derived from foods with a high GI, that is, bread (predominantly refined products), confectionary, potatoes and soft drinks. 35 Further analysis of GI of longterm diets during childhood and adolescence and effects on body weight is necessary to support the GI hypothesis. Additionally, the low-fat cluster had the highest mean percentage of energy from added sugars. In the DONALD Long-term diet and BMI in children and adolescents U Alexy et al Study sweetened beverages considerably contribute to added sugars intake. 36 Some evidence exists that consumption of sweetened drinks is associated with obesity in children. 37 Studies examining food intake patterns and body fat had inconsistent results. 38 All these studies were cross sectional or used baseline information of prospective studies, and no study was conducted with dietary intakes of children and adolescents. 38 In our analysis we found some relationships between fat intake clusters and food group intakes, which are widely in accordance with comparable cross-sectional findings. In an analysis of data from the Continuing Survey of Food Intake by Individuals, consumption of fruit decreased with increasing fat intake and consumption of meat and discretionary fat intake increased. 39 Among British preschool children, the consumption of fruit, fruit juice and vegetables fell with increasing fat intake quartile, whereas the consumption of meat products increased. 40 Similar dietary patterns were found in young adults. 41 In this analysis we could show that dietary pattern persisted during childhood and adolescence, but did not affect end point BMI.
Some limitations of this study should be considered in interpreting our findings. (a) Potential under-reporters were not excluded from analysis here. In a longitudinally designed study such as the DONALD Study, direct estimation of underreporting, for example, by doubly labelled water is not feasible. By indirect identification of underreporting, for example, with EI:BMR-ratio cutoffs, as suggested by Goldberg et al, 24 a distinction between real under-reporters and those with a habitual low energy intake during the recording period is not possible. Nevertheless, the numbers of subjects with at least one implausible record differed between clusters ( Table 1 ). The mean EI:BMR ratio differed significantly between clusters, but differences were small and mean EI:BMR by age overlap during the study period. However, only a minor imbalance between energy intake and energy expenditure over long periods may lead to severe obesity. Probably, such a small difference is hardly measurable with the available techniques. 42 (b) The DONALD Study sample is not representative. Compared to the general population the parents of the DONALD children are characterized by a higher educational attainment and higher socioeconomic status. 43 However, several evaluations showed no or only minor differences in dietary habits in the DONALD Study compared to the previous German National Food Consumption Survey. 22, 43, 44 Also, time trends are comparable, for example, to the findings of the MONICA-Study in Germany. 21 Comparing BMI to the German reference data, only slight deviations from the percentile curves can be observed. 45 From this point of view the selection procedure did not result in a major deviation from the reference population.
(c) The elaborate study design of the DONALD Study causes an overall relatively small number of subjects, especially of older adolescents. However, the indispensable precondition of such an analysis presented here is the availability of repeated dietary intake data from individuals over a long period, which is not possible in large representative studies.
A major strength of the DONALD Study is the prospective and identical measurement of all data during childhood and adolescence and the use of only one nutrient database. Furthermore, in our nutrient database LEBTAB changes in the composition of commercial products are continuously being updated. Thus, trends of food supply, for example, the composition of convenience foods, are considered for data analysis.
Our analysis showed that the etiology of obesity could most probably not be explained by different dietary patterns during childhood and adolescence. Other factors, for example, genetic predisposition or physical activity, not included here, may have a greater influence on the development of overweight and obesity than diet. At present, our data do not provide a valid basis for deducing particular recommendations for food intake for specific segments of the population. Probably, conducted with a larger sample, cluster analysis could be used to identify risk groups for the development of obesity, for example, due to a disproportionate macronutrient intake in childhood. Further studies are warranted to determine whether there are other dietary intake characteristics, which are more sensitive than fat intake and could therefore provide a better segmentation of the population. However, since other studies provide traces of evidence that low-fat diets are predictive of adiposity, fat reduced diets are successfully integrated into obesity therapy, 46 and low-fat diets are recommended to prevent other nutrition related diseases 47 further efforts to improve the current high-fat low carbohydrate diet of children and adolescents in industrialized countries are necessary.
